disc technique is also used for information storage and retrieval in computers and other systems, The use of injection laser includes highspeed printing, free space communcation, pump source for solid state iasers, laser printers and various medical applications.
The objective of injection laser design is to minimise the electrical current required to produce suff~cient gain to overcome the large inherent losses of the material, A theoretical formula for the spontaneous emission factor appearing in the rate equat~on of the injection laser is derived with the help of classical electromagnet~c theory, such as, where N, is the injected carrier density, Si is the photon density Of the f" mode, G~ is the gain of stimulated emission for the iih mode. TI is the cavity loss of the photon for the ifh mode, C, is the spontaneous emission factor for the fh mode, j is the injection current density, e' is the electron charge, d
is the thickness of active region and r, is the spontaneous carrier lifetime [I] Therefore, the closed-form of the spontaneous emission factor C, is defined as, C, = (The rate of the increase of the photon density in the mode i due to the spontaneous emission) I (The rate of the spontaneous photon emission)
The analysis IS based on the following classical wave equation with respect to an electric f~eid vector E as.
where K is the decay constant of the mode energy by the absorption loss, n 1s the refractive index, E~ and p, are the permitivity and permeability in vacuum respectively. P 1s the pclarisation vector characterised by an electric field vector E.
The spontaneous emission 1s treated as the radiation from dipoles located in the active region. The spontaneous emissions influence dynamic characteristics of the injection lasers mainly because the relaxation oscillation and the rise up property of the light output are affected remarkably by the spontaneous emission. The effect of the spontaneous emission is formulated in the rate equation where a certain part of photons emitted spontaneously contribute to excitation of lasing mode. As a result of the analysis, it was predicted that the relaxation oscillation would be Suppressed when the spontaneous emission factor exceeds a certain value.
Furthermore, the line-width of lasing mode is related to the spontaneous emission factor. Therefore, the spontaneous emission factor is an important parameter to analyse the dynamic behaviour of injection lasers.
The spontaneous emission factor that appears in rate equation, indicates how much of the total radiated energy couples to a laser mode. It has been suggested that making the spontaneous emission factor close to unity can drastically reduce the threshold. To obtain a fast modulation response, it is effective to make the spontaneous lifetime shorter [Z].
Keeping the energy confinement factor constant due to large refractive index difference, the spontaneous emission factor can be increased by the reducing volume of the active region. The value can be estimated from the refractive index, volume of the active region, the spectrum width of the spontaneous emission and wavelength of injection laser.
Then, the spontaneous emission factor is obtained from the shape of the spectrum of the spontaneous emisslon such that the injection ratio is The photon density S, has been calculated relatively to the current density j from equations (5.1) and (5.2), in which the Ci' is taken to be a parameter. Then, C, of the injection laser is determined by comparing both the experimental and theoretical results [2] . The theoretical results are compared with the experimental measurements and they agree favourably.
SPONTANEOUS EMISSION FACTOR CI

Expression
In the theory of Suematsu and Furuya [3], the spontaneous emission factor of the ith mode is defined and formulated as C, = (radiation energy coupled to im mode) 1 (total radiation energy)
where 51 is the confinement factor of the mode i, n .~ is the effective refractive ~ndex of mode, h, and Ab, are the peak wavelength and the width (FWHM) of the emission spectrum, respectively and V is the volume of the active region.
Equation ( Equation (5.7) implies that (5.6) is derived by assuming that modes distribute uniformly so that the same radiation energy couples to every mode. This assumption is valid when the laser cavity is much larger than the wavelength.
However, it seems difficult to apply equation (5.6) to the estimation of the C, Active region of higher I factor in the modeled cavity because the distribution of the mode density is altered too much from the uniform d~stribution in the free space. To obtain the C, factor, the radiation energy can be calculated that couples to the fundamental mode and compare it to the total radiation energy in the emission spectrum.
ANALYTICAL METHOD
For the analysis of spontaneous emission factor, the laser cavity is assumed to be rectangular dielectric wave-guide [4] of length I as shown in Table. 5.1
Laser sample
If the active wave-guide consists with gain guiding or leaky wave guiding, the parameter 6, could be counted [9] from the figure 5.2 for energy confinement factor (transverse fundamental mode) and figure 5.3 for normalised wave-guide thickness with higher order mode are shown. cavity is hurried by some cladding, C decreases, but the change is no larger than 3241%. 5) The quantum-wire active region will raise the upper limit of C, close to unity.
By this enhancement of the C factor and decrease of r, a high-speed surface-emitting laser operating with extremely low threshold current -PA and a quantum efficiency nearly equal to 1 will be possible.
According to the formula derived, the spontaneous emission factor is inversely proportional to the volume of the active region of the laser and the spectrum width of spontaneous emission and is proportional to the fourth power of the wavelength. The spontaneous emission factor is almost ndependent of the injection current. Ultimately, thresholdless lasers may be obtained.
The possibility of the suppression of the relaxation oscillation by reducing the volume of the active region was suggested theoretically in the present work.
